
 

Amgad Naji Ali Ahmed - György  Györök  HARD SWITCHING-BASED HYBRID ZETA CONVERTER 

WITH INDUCTANCE BLOCK FOR EFFICIENT EV 

BATTERY CHARGING  

  

54 

 

HARD SWITCHING-BASED HYBRID ZETA CONVERTER WITH 

INDUCTANCE BLOCK FOR EFFICIENT EV BATTERY CHARGING  
 

Amgad Naji Ali Ahmed 7, György Györök 8 
 

 

Abstract  

Converters are crucial in various applications, including electric vehicle (EV) battery 

charging. Power electronic converters are essential to managing EV charging efficiently. This 

paper explores a hybrid Zeta converter designed to convert AC input power into a DC output 

suitable for EV batteries, with both step-up and step-down functionality. The proposed 

converter combines the features of a traditional Zeta converter with newly designed elements 

to enhance performance, reduce power losses, and improve efficiency compared to other 

converter types. The proposed hybrid Zeta AC-DC converter achieves higher efficiency, 

reduced size, and improved reliability by integrating traditional and inductance block 

topologies. The hybrid converter features a series of DC link inductors to stabilize the output 

voltage. The converter efficiently regulates EV battery charging by adjusting the switch duty 

cycles, achieving lower THD and a higher input power factor. 
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1 Introduction  

         Improving power quality is a key research focus due to low input power factor, 

increased harmonic distortion (THD), and harmonic introduction in line voltage and current 

when using power electronic equipment [1]. Bridgeless topologies have been developed to 

improve input power factor and reduce current ripples [2]. 

         This study introduces a modified Zeta converter architecture for low-voltage 

electric vehicle (LVEV) charging applications. Unlike the conventional Zeta converter with 

voltage gain, the design presented in this study uses a switched inductance topology, which can 

give a substantial voltage step-down gain in a single stage between the AC input and low-

voltage battery packs. The coupled inductor structure, operating in Discontinuous Inductor 

Current Mode (DICM), significantly reduces the charger's overall size. This also helps to reduce 

the size of the magnetic components used in the circuit. In addition, the DICM operation allows 

for intrinsic power factor correction and uses hard switching to reduce switching losses in the 

conducting devices. By employing a capacitor switch for closed-loop control of the hybrid Zeta 

converter, the authors of [3] demonstrated that the losses and ripple were not resolved, and the 

frequency of switching with the current flowing through the capacitor continues to exhibit high 

ripple, resulting in short battery life. 

        Previous research [4] explores the benefits of active and passive PFC circuits. 

Additional studies [5] highlight their role in optimizing grid-side power quality. Compared to 

active PFCs, passive PFCs have problems like more extensive and more intricate designs, 
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losses, and other elements that make them less dependable for charging. Conversely, active 

PFCs are dependable, small, and capable of providing strong and effective performance. For 

switching purposes, the DC-DC converter uses a unidirectional switch, which could be an 

IGBT, MOSFET, or BJT. A thorough investigation into switch mode power converters has 

been conducted. These converters are categorized as Buck, Boost, and Buck-Boost for the basic 

topology. These topologies operate their circuits using a single inductor. Also, higher-order 

topologies use two inductors in the circuit, such as Cuk, SEPIC, and Zeta. For various switch 

mode converters, several isolated and nonisolated topologies have also been introduced [6,7]. 

       Power supplies for DC motor drives, battery chargers, wind energy applications, and 

domestic electric appliances require AC-DC converters. This study suggests a bridgeless Cuk 

PFC converter with transformer-less architecture, transparent energy distribution, and common 

ground. Because there are just two semiconductor switches in the current flowing route during 

each switching cycle and no bridge rectifiers or transformers, the converter has fewer 

components, is smaller, and costs less than the conventional SEPIC and Cuk PFC converters. 

This enhances thermal control and lowers conduction losses. Furthermore, having two power 

switches for different half cycles reduces the strain on the power switch. Compared to the 

existing converters, our proposed bridgeless Cuk PFC converter may achieve a high input 

power factor, low total harmonic distortion (THD), and high efficiency with a simple control 

structure. The three basic DC/DC converter topologies discussed so far are non-isolated. 

Another kind of converter is an isolated converter, which has a transformer placed directly 

between the input and the output. Isolated converters usually feature more switches and filter 

components than non-isolated converters [8]. Isolated DC/DC converters can generate several 

output DC voltages. Some non-isolated converters, such as the Cuk, SEPIC, and ZETA 

converters, use higher-order filters. Nowadays, more and more people have electronic 

appliances requiring a DC power source. As a result, the interface between the AC supply and 

the DC load in a circuit is essential. An unregulated rectifier is a basic converter that transforms 

AC power into DC electricity. This converter works well and is reasonably priced. For many 

modern applications, such as charging batteries, conventional AC-DC converters for a buck, 

boost, buck-boost, Cuk, SEPIC, and Zeta cannot supply the necessary voltages from the line 

voltages. One such converter is the Zeta converter. Two inductors and two capacitors make up 

the basic construction of a Zeta converter, a fourth-order converter [9]. It has two energy storage 

components (inductors) and two filtering components (capacitors). In our research, the Zeta 

converter was altered to upload the innovative circuit by including a secondary circuit with an 

extra diode and inductor, which appears to improve functionality or performance (such as 

snubbing, energy recovery, or increased efficiency). The novel zeta converter, which includes 

the inductor block, offers several advantages over the conventional design, including improved 

voltage gain, potentially better efficiency, and lower component stress. It is more suitable for 

applications where high power and efficient energy conversion are critical, while the 

conventional Zeta converter remains useful for simpler, lower-power systems. 

         Research on this topic remains limited, as demonstrated by the publication trends in 

Figure 1, which show relatively low research activity between 2015 and 2023. Although there 

has been a gradual increase in publications over the years, the total number of studies remains 

small compared to other fields in power electronics. This indicates that the hybrid Zeta 

converter, particularly with inductance block topologies for EV battery charging, is still an 

emerging area of investigation. The scarcity of research highlights the need for more 

comprehensive studies and experimental validation to explore these converters' full potential 

and application scope. Figure 1 also reflects an increasing interest in recent years, suggesting 

growing recognition of the importance of this technology in advancing efficient power 

conversion systems. 
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Fig. 5: Publication and research from 2015-2023 

 

 

Fig. 2: Operation system of the hybrid AC to DC zeta converter 
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As shown in Fig. 2, the system operates in two stages: the input AC power is rectified 

and converted to DC, followed by stabilization using the D-link inductor block to improve the 

output voltage and decrease ripple and losses. The final application of EV is to make battery 

charging much faster. 

2 Operation of hard-switch hybrid zeta converter 

2.1 Novel zeta converter with L-inductors block  

By addressing important constraints including switching losses, efficiency, and 

component stress, the hard-switch hybrid Zeta converter offers a notable improvement over the 

traditional Zeta converter. In conventional Zeta converters, voltage and current overlap during 

switch transitions, leading to substantial power losses, high energy dissipation, elevated 
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electromagnetic interference (EMI), and increased thermal stress on components. In high-

power or high-frequency applications, where dependability and efficiency are crucial, these 

problems are considerably more noticeable. Hard-switching techniques, which switch the 

transistors or IGBTs under zero-voltage switching (ZVS) or zero-current switching (ZCS) 

conditions, are used by the hard-switch hybrid Zeta converter to get over these issues [10,11]. 

The converter minimizes losses and electromagnetic interference (EMI) by utilizing passive 

components like capacitors and resonant inductors, which allow for natural oscillations that 

smooth out switching transitions. In addition to increasing the converter's overall efficiency, 

this design lessens the thermal and electrical strains on its constituent parts, increasing their 

operational longevity and dependability. Furthermore, hard switching significantly lowers EMI, 

which is essential for communication systems or delicate electronics applications. The hard-

switch hybrid Zeta converter is especially well-suited for contemporary power applications 

where effective power conversion, minimal noise, and dependable operation are crucial, 

including renewable energy systems, electric cars, and telecommunications. The hybrid Zeta 

converter provides better performance by including hard switching, which makes it a more 

effective and efficient option for both boost and buck voltage control. The indicators in the L-

switching blocks discharge in parallel while the converter is in the active switch state. On the 

other hand, in the L-switching blocks, the build-up charge is in a series arrangement while the 

active switch is off. Compared to the conventional zeta construction, the novel converter 

described in this work shows a greater capacity to step down the line voltage. This is evident in 

its voltage gain formula, 

𝑈𝑜 =
𝑑(1 + 𝑑) 𝑈𝑖

1 − 𝑑
  

 (1) 

According to equation (1), the novel converter, with its inductive block, demonstrates superior 

performance compared to the conventional Zeta converter: 

1. Equation (1) shows that the novel converter's voltage gain is enhanced due to the 

inclusion of nonlinear terms from the inductive block, providing higher output 

flexibility. 

2. The hard-switch hybrid Zeta converter achieves better efficiency due to reduced 

switching losses from hard-switching (ZVS/ZCS), making it more suitable for high-

frequency or high-power applications. 

3. The novel converter reduces component stress and improves reliability, while the 

conventional Zeta converter suffers from higher component stress due to hard-

switching. 

4. The novel Zeta converter features lower ripple and better output regulation than the 

conventional Zeta converter. 

The innovative hard-switch hybrid Zeta converter performs better than the traditional Zeta 

converter in output quality, component stress, efficiency, and voltage gain, making it a superior 

option for contemporary high-efficiency applications like EVs and renewable energy [12]. 

2.2 Principle operation of the converter 

        The converter operates by adjusting the IGBT's duty cycle. A higher duty cycle 

results in step-up operation, while a lower duty cycle enables step-down operation. Thus, the 

converter regulates EV battery charging to preserve battery lifespan. The circuit diagram of the 

Zeta converter with the L-link blocking is in Fig. 3. 

Fig. 3: Novel Hybrid zeta converter 
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According to the diagram, the converter's circuit has three main parts: a rectifier, an L-

link inductor block with an LC filter, and finally, the switch connected to the load. The 

switching block will be operated in series and parallel regarding the state operation in a case of 

on and off, as shown in Fig. 4. 

Fig. 4: Ripple and the switching operation 
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As shown in Figure 4, the current ripple is reduced, the converter's losses are minimized, and 

the inductance current increases when the switch is in the 'on' state as shown in the diagram, 

rather than decreasing when it is in the off state. This dynamic operation will increase the 

converter's efficiency and effectiveness by reducing internal losses and heating. These benefits 

will lower the power consumption and, in comparison to the other converter, the voltage and 

current ripple in the novel zeta converter is less than that of the conventional converter, as 

illustrated in Fig. 5. The inclusion of additional inductive and capacitive elements helps reduce 

component stress, contributing to the lower thermal generation and improved electromagnetic 

interference (EMI) performance and for that, the cost will decreasing due to the lower energy 

losses due to reduced switching frequencies and increased converter lifespan. This is crucial in 

sensitive EV charging applications where thermal efficiency and reduced noise are essential. 

Future research will focus on prototype development and real-world testing of the hybrid Zeta 

converter. Additionally, further exploration of adaptive duty cycle control will be essential to 

optimize charging rates and minimize THD across variable loads. These advancements will 

help ensure that the proposed converter meets industrial standards for EV charging and 

potentially reduce costs associated with component stress and energy inefficiencies. 

𝑈𝑟𝑖𝑝𝑝𝑙𝑒,𝐶𝑜𝑛𝑣. =
𝑑 𝐼𝑜

𝑓𝑠 𝐶𝑜
  

 (2) 
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𝑈𝑟𝑖𝑝𝑝𝑙𝑒,𝑛𝑜𝑣𝑒𝑙 =
𝑑 𝐼𝑜

𝑓𝑠  (𝐶𝑜 + 𝐶𝑚)
  

 (3) 

For the conventional circuit, the ripple current voltages are inversely proportional to 

the output capacitor, C sub o, and switching frequency f sub s, but for the novel circuit, the 

addition of C sub increases the effective capacitance, reducing ripple voltage and enhancing 

output smoothness. 

 

𝐼𝑟𝑖𝑝𝑝𝑙𝑒,𝐶𝑜𝑛𝑣. =
𝑑(1 − 𝑑) 𝑈𝑠

𝑓𝑠 𝐿
  

  

(4) 

 

 

𝐼𝑟𝑖𝑝𝑝𝑙𝑒,𝑛𝑜𝑣𝑒𝑙 =
𝑑(1−𝑑) 𝑈𝑠

𝑓𝑠 (𝐿+𝐿𝑒𝑞)
                                                                        (5) 

 

For the conventional circuit, the ripple current is inversely proportional to the 

inductance L and the switching frequency and directly proportional to the input voltage. 

However, for the novel circuit, the equivalent inductance L sub eq is due to the inductance 

block reducing the ripple current, lowering EMI and components. 
 

 

𝑇𝐻𝐷𝑁𝑜𝑣𝑒𝑙 =
𝑇𝐻𝐷𝑐𝑜𝑛𝑣.

1+𝑘.(
𝐿𝑒𝑞

𝐿
⁄ +

𝐶𝑚
𝐶𝑜

⁄ )
                                                                   (6) 

 

The THD in the novel design is reduced due to the higher inductance produced in the 

new block L sub eq, additional capacitance C sub m, and Ka proportional constant based on 

empirical data from simulations, which should be between 0.5 and 1.5 for a high-performance 

converter. 
 

Fig. 5: Comparison of Ripple Current and Voltage Between Conventional and Novel Zeta Converters 

  

 This converter operates in four steps: 

1. First switching on: when the IGBT is turned on the novel zeta converter will be as the 

following fig.6, 
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Fig. 6: Circuit during the first switching phase 
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After the AC converts to DC, the current passes through the first part of the converter 

to the filter circuit to decrease the ripple of the output. During this operation, the current 

passes and charges the two inductances. L sub 1 and L sub 2 are connected in parallel 

due to the forward diodes D sub 1 and D sub 2. Then, during this mode, the L-Link 

charges in parallel. 

2. Second switching off: When the IGBT is in the off state, the zeta converter will be as 

follows: Fig. 7. 

Fig. 7: Circuit during the second switching phase 
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In this case, both inductors L1 and L2 discharge current in series due to diode Do The 

current then flows through an additional diode. D3 to charge the capacitor Cm And this 

capacitor will charge faster as compared to the conventional converter. 

3. Third step: switching on again: When the switching is on again, the two inductances 

will be charged again, but the capacitor C sub m will discharge the energy to charge the 

output inductor L sub. The current will pass to the load, so the load gets the power in 

this mode with charging energy in the output inductor, as shown in Fig. 8. 

Fig. 8: Circuit during the third switching phase 
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4. Fourth step the switching off again: this final step of the operation, is not final but for 

the first operation after that, the switching will be operated by PWM to work off and on 
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for multiple steps, for this the inductor. 𝐿𝑚 will discharge the energy to the output 

capacitor 𝐶𝑂 The voltage through this output circuit will be charging the battery of the 

EV, and this this the process of the working Novel converter as compared to the 

conventional the charging will be faster with the high performance. 

Fig. 9: Circuit during the fourth switching phase 
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That is the main function operation of the L-link inductance block to improve the performance 

of the converter to make it work with the lower THD and high efficiency.  Ripple reduction, in 

the novel converter, the ripple current is expected to be lower due to the additional block 

inductors and the filtering effect. Current smoothing, the novel converter should show smoother 

transitions, with lower peak-to-peak ripple. 

3 Analysis of stability of both converter 

The new circuit has a larger voltage gain than the conventional converter when the conventional 

and novel hybrid zeta converters are analysed utilizing the volt-sec balance methods with the 

transfer function of both converters. 

Comparison Between Conventional and Novel Zeta Converter: 

a, Stability 

The novel Zeta converter is expected to have better stability due to the additional energy storage 

and filtering elements like Lf  and  Cf Which smooths out input current and voltage ripples. This 

is reflected in the Bode plots, where the novel Zeta shows an improved phase margin and gains 

stability. 

b, Transient Response 

The step response of the novel Zeta converter will typically be smoother and faster due to the 

enhanced coupling between the magnetizing inductor Lm and the coupling capacitor Cm, 

leading to better energy transfer during switching transitions. The conventional Zeta converter 

shows a more sluggish response, especially under heavy loads. 

c, Efficiency 

The novel Zeta converter is designed to improve efficiency by reducing losses associated with 

high switching currents. The conventional Zeta converter is typically less efficient in 

comparison, especially in high-power applications. 

d, Component Stress 

Larger current ripples and greater peak currents in the traditional Zeta converter put more strain 

on parts like the switch and diodes. With its input filter and extra coupling parts, the innovative 

Zeta converter lowers peak currents and current ripple, which prolongs component life and 
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lowers component stress. Figures 6 and 7 illustrate the new converter's body in comparison to 

the conventional converter. The stability of the L-link inductance block enhanced the converter, 

which can also be applied to other types of converters used in real life to reduce costs and losses. 

4 Voltage gain analysis  

To drive the output voltage of the novel zeta converter we use the key assumption: 

a. Ideal components which do not provide the losses in the switching. 

b. The converter operates in continuous conduction mode (CCM). 

c. The duty cycle. 

When the switch is on, 

𝑈𝐿𝑓 =  𝑈𝑖 and  𝑈𝐿𝑚 =  𝑈𝐶𝑜 − 𝑈𝑂 

When the switch is off, 

           2𝑈𝐿𝑓 =  𝑈𝑖 − 𝑈𝐶𝑜 and  𝑈𝑙𝑚 =  𝑈𝑂 

In the steady state case, the average inductor voltages are zero. Hence, 

∫ 𝑈𝐿𝑓𝑑𝑡 = 0
𝑇

0
 and  ∫ 𝑈𝐿m𝑑𝑡 = 0

𝑇

0
 

Here, 𝑈𝐿𝑓 and  𝑈𝐿𝑚 are the voltage across the input and output inductors respectively, whereas 

𝑈𝐶𝑜  is the voltage across the link capacitor, and 𝑈𝑖  and 𝑈𝑜  are the input and output voltage. 

Now, 

∫ 𝑈𝐿𝑓𝑑𝑡 = 0

𝑇

0

 

=>  ∫ 𝑈𝑖𝑑𝑡 +  ∫
1

2
(𝑈𝑖 −  𝑈𝐶𝑜)𝑑𝑡

𝑇

𝑇𝑂𝑁

𝑇𝑂𝑁

0

= 0 

=> 𝑈𝑖[𝑡]0
𝑇𝑂𝑁 + 

1

2
(𝑈𝑖 −  𝑈𝐶𝑜)[𝑡]𝑇𝑂𝑁

𝑇 = 0 

=> 𝑈𝑖(𝑇𝑂𝑁 −  0) +  
1

2
(𝑈𝑖 − 𝑈𝐶𝑜)(𝑇 −  𝑇𝑂𝑁) = 0 

=> 𝑈𝐶𝑜 =  
(1 + 𝑑)𝑈

𝑖

(1 −  𝑑)
 

 (7) 

and, 

∫ 𝑈𝐿𝑚𝑑𝑡 = 0

𝑇

0

 

=>  ∫ (𝑈𝐶𝑜 −  𝑈𝑂)𝑑𝑡 + ∫ 𝑈𝑂𝑑𝑡

𝑇

𝑇𝑂𝑁

𝑇𝑂𝑁

0

= 0 

=>  (𝑈𝐶𝑜 −  𝑈𝑂)[𝑡]0
𝑇𝑂𝑁 −  𝑈𝑂[𝑡]𝑇𝑂𝑁

𝑇 = 0 

 
=>  ( 𝑈𝐶𝑜 −  𝑈𝑂)(𝑇𝑂𝑁 −  0) −  𝑈𝑂(𝑇 −  𝑇𝑂𝑁) = 0 

=> 𝑈𝐶𝑜 =  𝑈𝑂

1

𝑑
  

 (8) 

Here, Ton and Toff are the on and off periods respectively, while T is the total period. 
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Equations (7) and (8) leads to, 

𝑈𝑜 =
𝑑(1 + 𝑑) 𝑈𝑖

1 − 𝑑
 

 (9) 

 

 

Here, d is the duty cycle of the proposed converter’s zeta side. For a conventional zeta converter, 

the voltage gain is expressed as follows, 

𝑈𝑜 =
𝑑 𝑈𝑖

1 − 𝑑
 

 (10) 

 

 

Comparing (9) and (10), it is noticeable that the voltage gain of the proposed regulator’s 

zeta side is (1+D) times higher than that of a classical zeta regulator. And this zeta side provides 

the positive polarity of output voltage. 

4.1 Efficiency analysis 

        Usually, the efficiency of any converter decreases at extreme duty cycles i.e., 5%, 

10%, 90%, and 95% because of the reduction of hysteresis and losses due to magnetization. 

The suggested architecture can produce a converter that is more effective than traditional ones 

by producing the same voltage gain at a lower duty cycle. Hence, the efficiency comparison is 

stated as follows, 

 

𝜇𝑐 =
𝑑 

(1 − 𝑑)
= 𝜇𝑛

𝑑(1 + 𝑑) 

(1 − 𝑑)
=> 𝜇𝑛 = 𝜇𝑐(1 + 𝑑) 

 (11) 

 

 

Here, 𝝁𝒏 and 𝝁𝒄 are the efficiencies of the novel model and the conventional converters, 

respectively. It is clear from Equation (11), however, that the proposed arrangement is (1+d) 

times more efficient than the standard ones. 

Tab. 3: Key points of the converters 

 
Feature  Conventional zeta converter  Noval zeta converter 

Output 
voltage  

𝑈𝑜 =
𝑑 𝑈𝑖

1 − 𝑑
 𝑈𝑜 =

𝑑(1 + 𝑑) 𝑈𝑖

1 − 𝑑
 

Efficiency  
𝜇𝑐 =

𝑑 𝐼𝑜

(1 − 𝑑)𝐼𝑖
 𝜇𝑛 =

𝑑(1 + 𝑑) 𝐼𝑜

(1 − 𝑑)𝐼𝑖
= 𝜇𝑐(1 + 𝑑) 

Transfer 
function  

𝐺(𝑆)

=
𝑑 

(1 − 𝑑)(𝐶𝑜𝐿1𝑠2 + 𝑠 (
𝐿1
𝑟 +

𝐿2
𝑟 ) + 1

 

𝐺(𝑆)

=
𝑑(1 + 𝑑) 

(1 − 𝑑)(√(𝐶𝑂 + 𝐶𝑀)(𝐿𝑜 +
𝐿1 ∗ 𝐿2
𝐿1 + 𝐿2.

)𝑠2 + 𝑠 (
𝐿𝐹

𝑅𝐸𝑄
) + 1

 

 

Because the output current of the novel converter has a factor (1+d) higher than the 

traditional one, the innovative converter is more efficient than the other one. Additionally, the 

system's resonant components are what cause the root terms to arise. While the conventional 

Zeta converter's simplified topology eliminates the need for a transfer function with square 

roots, the unique converter's design inevitably incorporates more sophisticated resonant 

behaviour. 
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Fig. 10: Gain comparison of the novel converter with conventional converter 

 
Fig. 11: Step response of the converters   

 
 

Fig. 12: Body plot of the system  

 

50% 55% 60% 65% 70% 75% 80% 85% 90%

Conventional Zeta 1 1.22 1.5 1.86 2.33 3 4 5.66 9

Novel Zeta 2.96 3.76 4.76 6.08 7.88 10.34 14.2 20.68 34

V
O
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G
E 

G
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GAIN VOLTAGE COMPARISON

Conventional Zeta Novel Zeta
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Fig. 13: Component Stress  

 
Fig. 14: Efficiency results   

 

The contrast between the new and conventional Zeta converters in terms of stability, 

transient responsiveness, component stress, and efficiency demonstrates the distinct benefits of 

the new design. The new converter maintains stability across a wider frequency range because 

of its more significant phase margin in the stability study (Bode plot), which is caused by its 

increased 20 mH inductance and 470 µF capacitance. Compared to the conventional design, the 

novel converter achieves a steady state for transient response (step response) faster and with 

reduced overshoot, indicating smoother performance when reacting to input or load changes. 

The unique converter's extra inductance reduces peak ripple current from 1.0 A to 0.67 A, 

considerably lessening component stress and lengthening component lifespan. Finally, because 

of less ripple and total harmonic distortion (THD), the new converter continuously achieves 

superior efficiency across a range of duty cycles in the efficiency comparison. The new 

converter's increased efficiency makes it appropriate for high-performance uses like EV 

charging, where system dependability and power quality are crucial. Additionally, THD is 

closely related to the input power factor (PF), which measures how effectively the system 

utilizes its power. A low power factor typically occurs when harmonics are present because 

they increase the reactive power demand, requiring more current to deliver the same absolute 



 

Amgad Naji Ali Ahmed - György  Györök  HARD SWITCHING-BASED HYBRID ZETA CONVERTER 

WITH INDUCTANCE BLOCK FOR EFFICIENT EV 

BATTERY CHARGING  

  

66 

 

power. This leads to higher losses and inefficiencies in the system. Since the novel Zeta 

converter produces less THD, it can help improve the input power factor, reducing the reactive 

power demand and ensuring that more of the supplied power is effectively converted into 

practical work. This improves the system's overall efficiency, reduces current draw, and lowers 

operational costs, making the novel Zeta converter not only a more efficient option but also one 

that minimizes energy wastage and enhances the system's long-term performance. 

5 Evaluation of the analysis in MATLAB  

In this part, to evaluate this converter, MATLAB is one of the software used to simulate 

electronic devices before they are implemented. The simulation uses parameters similar to real-

world EV battery systems. The resistance model the EV charging process to calculate the 

converter's output voltage and regulate charging speed based on the duty cycle and PWM 

interval, as shown in Tab.2 and Fig.15. 

Tab. 2: Components of the converters 

Parameters Values 

𝐿𝑠=𝐿𝑓 = 𝐿𝑚 20mH 

𝐶𝑓 300 𝜇F 

𝐿1 = 𝐿2 10 mH 

𝐶𝑂 2200 𝜇F 

𝐶𝑀 470 𝜇F 

𝑅𝑂 10 Ohm 

𝑉𝑖 100V 

𝑓𝑃𝑊𝑀 50kHZ 

           

MATLAB simulations are conducted to assess the performance of the novel hybrid Zeta 

converter under realistic operating conditions. Table 2 presents the key simulation parameters 

used for this study. These values were carefully selected to emulate typical EV battery charging 

scenarios, ensuring a balance between theoretical analysis and practical feasibility. Inductance 

values ensure adequate energy storage and ripple minimization during the switching operation. 

Capacitance values optimize to stabilize the output voltage and reduce current ripple, as 

Equations (2) and (3) reflect.. Switching frequency is chosen to achieve high efficiency while 

minimizing switching losses. Duty cycle variations: The converter will operate with several 

duty cycles when the d exceeds 0.5, and then this converter will operate in step-up mode to 

charge the EV battery faster than the normal mode. As the Fig. 18, when the d exceeds 0.5, in 

this case, the output voltage is less than the input the EV battery will charge in the slower mode 

to keep the life of the battery as shown in Fig. 17. Initially, the converter exhibits minor 

overshoot in the output, which can be mitigated using closed-loop control to enhance stability. 

The simulation also accounts for the resistance of the EV battery, modelled at 10 ohm, which 

provides a realistic representation of the load dynamics. Future experimental validations will 

refine these parameters further for real-world applications.  
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Fig. 15: Proposed hybrid zeta converter 

 
 

 

 
Fig. 16: Variable input voltage simulation 

 
 

 

 



 

Amgad Naji Ali Ahmed - György  Györök  HARD SWITCHING-BASED HYBRID ZETA CONVERTER 

WITH INDUCTANCE BLOCK FOR EFFICIENT EV 

BATTERY CHARGING  

  

68 

 

 

Fig. 17: Step-down operation d=0.5 

 
 

Fig. 18: Step-up operation d=0.7 

 
 

 

 

 

 

 

 

 

Small overshoot can be decreasing it in CL Control 
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Fig. 19: Constant output voltage with variable input voltage  

 

 

 
The proposed transformer-less bridge rectifier design minimizes hysteresis and 

magnetization losses, improving efficiency and total harmonic distortion of the L-link inductor 

Zeta converter compared to the conventional Zeta converter. Additionally, this architecture 

includes an input L-C filter that smooths the input current every half cycle, lowering THD and 

improving the power factor. The new converter is especially well-suited for high-performance 

applications like EV charging, where high power quality and efficiency are crucial, as 

illustrated in Fig. 20. This design increases overall efficiency by reducing energy loss and 

dramatically reduces harmonic distortion. Additionally, even with variable load conditions, the 

L-link inductor configuration enables more stable operation and quicker energy transmission. 

This innovative design helps to achieve stringent power quality standards by producing a clean 

and constant output, in contrast to the traditional Zeta converter, which lacks sophisticated input 

filtering. Improved reliability is made possible by this increased capability, which is essential 

for applications susceptible to power fluctuations. 

 

Tab. 3: Comparative (THD) and Efficiency Metrics for Conventional and Novel Zeta Converters 

Duty 

cycle 

Conventional 

THD  
Novel THD 

Conventional 

Efficiency  

Novel 

Efficiency 

50% 32.3 29.3 0.8232 0.8418 

45% 34.0 33.0 0.8018 0.82203 

40% 37.0 34.2 0.7809 0.8136 

35% 42.2 38.2 0.7610 0.7819 

30% 48.0 42.0 0.7479 0.7615 

25% 51.5 48.8 0.7297 0.7412 

20% 55.0 51.6 0.6929 0.7185 

15% 62.0 59.0 0.6618 0.6893 

10% 73.0 70.2 0.6337 0.6573 

5% 85.0 80.1 0.6022 0.6247 
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Fig. 20: Comparative (THD) and Efficiency Metrics for Conventional and Novel Zeta Converters 

 
The novel Zeta converter outperforms the conventional converter in terms of efficiency 

and THD across various duty cycles. At a 5% duty cycle, the Zeta converter achieves 62% 

efficiency compared to the conventional converter’s 60%, with the efficiency gap growing at 

higher duty cycles (e.g., 84% vs. 82% at 50%). The Zeta converter also exhibits significantly 

lower THD, such as 80% vs. 85% at a 5% duty cycle, and 30% vs. 32% at 50%, indicating 

cleaner output and reduced strain on downstream components. While the Zeta converter’s 

higher performance comes with an initial increase in component costs (inductors and 

capacitors), the long-term savings from lower power losses and reduced component stress offset 

this. As power costs decrease, the additional cost of the converter becomes less significant, and 

the overall operational savings from higher efficiency and fewer maintenance needs make the 

Zeta converter a more cost-effective solution over time. The following table compares 

converters' efficiency, THD, and power losses across different duty cycles. 

 
𝑃𝑜𝑤𝑒𝑟 𝑙𝑜𝑠𝑠 = 𝐼𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟 𝑥 (1 −  𝜇) (9) 
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Tab. 4: Power loss of both converters  

 
Duty 
cycle 

Conventional 
Efficiency 

Novel 
Zeta 

Efficiency 

Conventional 
THD 

Novel  

Zeta 
THD 

Conventional 
Power Loss 

(W) 

Novel Zeta 
Power Loss 

(W) 

5% 60% 62% 85% 80% 40 w 38 w 

50% 82% 84% 32% 29% 18 w 13% 

 

This demonstrates that the Zeta converter’s improved efficiency and reduced THD lead to lower 

operational costs and an extended lifespan, making it a superior choice for high-demand 

applications such as EV charging stations. 

6 Conclusion  

Converters play a critical role in various real-world applications. This research highlights the 

novel Zeta converter's ability to deliver efficient and reliable performance, ensuring stable and 

clean power conversion suitable for grid and EV battery charging systems. The hybrid Zeta L-

link inductor AC-DC converter is versatile and efficient, making it suitable for many AC-DC 

applications. It ensures dependable and effective functioning for various power levels by 

maintaining a constant DC output voltage across different input voltages. One of its main 

advantages is its versatility, which enables it to manage varying power levels while maintaining 

good stability and enabling the system to attain function more quickly than a standard converter. 

This adaptability and its efficient performance make the hybrid Zeta converter a compelling 

choice for designers and manufacturers seeking reliable, scalable AC-DC conversion solutions. 

This paper demonstrates enhancements to conventional converter designs, achieving a 

significant efficiency of 85.3% using optimized parameters and specialized filters. This setup 

boosts PFC and minimizes Total Harmonic Distortion (THD), showcasing the potential for even 

higher efficiency and improved performance through innovative design and filtering methods. 

The EV charging batteries can operate in different modes by using this converter. As the results 

were collected, it can be operated to make the battery charge faster and lower compared to the 

percentage of EV batteries. It will operate with the lower THD, and losses as the results of the 

simulation, and it is not more complicated to implement this converter due to the parameters in 

the simulation similar to the genuine components, which have the features of the novel zeta 

converter with high-performance blocking. 
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